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Abstract. Assessment of seismic strong motion hazard
produced by earthquakes originating within causative fault
zones allows rather low accuracy of localisation of these
structures that can be provided by indirect evidence of fault
activity. In contrast, the relevant accuracy of localisation and
characterisation of active faults, capable of surface ruptur-
ing, can be achieved solely by the use of direct evidence of
fault activity. This differentiation requires strict deﬁnition of
what can be classiﬁed as “active fault” and the normalisation
of methods used for identiﬁcation and localisation of active
faults crossing oil and natural gas trunk pipelines.
1 Introduction
Trunk pipelines that pass through tectonically active areas
connecting oilﬁelds and natural gas ﬁelds with terminals
and reﬁneries may cross active faults that can produce large
earthquakes. Besidesstrongmotionaffectingvastareas, such
earthquakes are often associated with surface faulting that
provides additional hazard to pipelines. To avoid signiﬁ-
cant economic losses and environmental pollution, pipelines
should be designed to sustain both effects – shaking and di-
rect rupturing – without pipe damage and spill. The most
well-known case study is the Alaska oil pipeline that with-
stood almost 6-m lateral offset during the 2002 Denali earth-
quake (Haeussler et al., 2004). Special studies aimed to pro-
vide necessary input data for the designers should be per-
formed in the course of the engineering survey. Their scope
is determined by special guidelines and national construction
codes (Honegger and Nyman, 2004; American Lifelines Al-
liance, 2005; Indian Institute of Technology Kanpur, 2007).
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However, our experience on conducting and review of such
studies for several oil and gas trunk pipelines in Russia show
an urgent need for a stricter deﬁnition of basic conceptions
and approaches used for identiﬁcation and localisation of
these potentially hazardous tectonic features.
2 “Causative faults” – tectonically active structures
determining seismic sources localisation
The dual nature of hazard associated with active faults –
shaking affecting vast areas on the one hand and localised
fault displacements on the other hand – determines the basic
criteria of these geological structures’ identiﬁcation and of
their spatial localisation accuracy. The character of forces af-
fecting the pipeline and possible protection measures should
be considered as a starting point for further analysis.
In the case of strong motion caused by seismic waves
that may affect dozens of kilometres of pipeline route, we
deal with “causative faults” – neotectonic structures with
which sources of shallow-focus earthquakes are associated.
Causative faults can be identiﬁed using both direct and indi-
rect evidence of Late Pleistocene – Holocene activity. Some-
times, when a causative fault is marked by surface ruptures
of recent and/or past earthquakes, it can be deﬁned as a real
“active fault”. However, although in some regions (Japan,
California, North Anatolian fault zone in Turkey, Mongo-
lia, Iran, etc.) most of the shallow focus earthquakes have
produced surface faulting along their causative faults, a sig-
niﬁcant number of large (M >6.5) earthquakes world-wide
has not been associated with such geological features. Thus,
in many regions, in particular, in the remote parts of Rus-
sia with limited historical records of natural phenomena and
densely forested terrain, causative faults could be mainly de-
lineated by use of indirect evidence of recent tectonic activ-
ity. Thiscanbeexempliﬁedbytheseismichazardassessment
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Figure 1. Fragment of the detailed seismic zoning map of the trunk pipeline route in Far East of 
Russia. Pale colours with large black numbers – background seismic intensity calculated according 
to the causative faults position (in points of the MSK-64 scale, with 0.5 point step); brighter colours 
with red numbers within the narrower corridor – seismic intensity specified according to the local 
soil conditions.
Fig. 1. Fragment of the detailed seismic zoning map of the trunk
pipeline route in the Far East of Russia. The pale colours with large
black numbers – background seismic intensity calculated according
to the causative faults position (in points of the MSK-64 scale, with
0.5 point step); brighter colours with red numbers within the nar-
rower corridor – seismic intensity speciﬁed according to the local
soil conditions.
performed for the second stage of the Eastern Siberia – Pa-
ciﬁc trunk oil pipeline. It crosses numerous large fault zones,
none of which, however, features real evidence of recent
surface faulting. Causative fault zones have been selected,
based on their general topographic expression (signiﬁcant
linear steps in the relief), the presence of low magnitude
earthquakes, data on strong earthquakes in Chinese territory
whose epicentres coincide with the southward extension of
the studied faults, etc. Unfortunately, no data on the ori-
entation of either the axis of aftershock area or of the area
of highest intensity of these earthquakes are available. Such
data, if it were available, could tell much more about the po-
sition and orientation of the causative fault than the epicen-
tre of the main shock itself. Nevertheless, the data collected
has allowed delineating possible causative faults, which are
likely to produce earthquakes with magnitudes ranging from
5.5 to 7.0.
It should be pointed out that use of indirect criteria for
causative fault identiﬁcation allows for an accuracy of its lo-
cation up to ±1–2km only. However, since strong motion
parameters are almost constant within the near-ﬁeld zone,
whose width in case of large earthquake is up to dozens kilo-
metres (Aptikaev, 2001), the low accuracy of active fault
location is not so critical and can be considered as accept-
able for seismic hazard assessment. Based on the set of
source zones, the pipeline route zoning could be performed
either in terms of intensity (in MM or EMS or MSK-64
points) and peak acceleration, or in terms of A×T – product
of peak acceleration and prevailing vibration period, which
is used for calculation of longitudinal stress in the pipe
(SNiP 2.05.06.85*, 1996, item 8.57).
Consideration of the local soil conditions along the
pipeline route allows its further detailed seismic zoning, of
Figure 2. Construction of the dog-leg structure at the trunk pipeline/active fault crossing at 
Sakhalin. Photo courtesy Oksana Golubtsova.
Fig. 2. Construction of the dog-leg structure at the trunk
pipeline/active fault crossing at Sakhalin. Photo courtesy Oksana
Golubtsova.
which an example is shown on Fig. 1, and also the selection
of areas prone to liquefaction.
3 Basic criteria of “active faults” identiﬁcation and
their localisation accuracy
Another hazardous effect of earthquakes posing a signiﬁcant
threat to pipelines is surface rupturing that can result in di-
rect cutting of pipes, especially if the latter are buried. A
special rupture-proof design of the endangered pipeline sec-
tions (Fig. 2) requires much more precise localisation of the
potentially hazardous active fault, assessment of the design
displacement value and kinematics (Strom et al., 2009).
In such cases, a low accuracy of active fault localisa-
tion, admissible for causative faults described above, is com-
pletely unacceptable. The position of the potentially rup-
turing fault must be localised as precisely as possible, with
an accuracy no less than ±20–25m (Mattiozzi and Strom,
2008), which may be up to ±50m as an extremity. Such
fault location accuracy can be provided by use of the di-
rect evidence of fault recent activity (traces of surface faults
displacing Late Pleistocene-Holocene sediments and/or ge-
omorphic features of the same age) only. Besides, data on
the offset value and direction (kinematics) can solely be de-
rived with relevant accuracy from the data on past rupturing
events. Methods of ﬁeld studies that should be carried out to
obtain these data are summarised in McCalpin (2009).
The use of direct evidence of fault activity allows discrim-
ination of really hazardous features (Fig. 3) that require spe-
cial measures to ensure pipeline safety among numerous ge-
ological faults that cross pipeline routes hundreds to thou-
sands of kilometres long. Otherwise pipelines in tectonically
active regions, such as an Alpine belt, Sakhalin or Kam-
chatka would be composed entirely of the specially designed
sections with compensators and special pipes, which would
make them economically inadmissible.
4 “Active faults” concept versus “Geodynamically
active zones” concept
In Russian scientiﬁc literature, along with an “Active Fault”
concept a concept of the “Geodynamically Active Zone”
(“GAZ”) is widely used. These zones are deﬁned as “zones
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Figure 3. Crossing of the trunk pipeline with the Chulmakan active fault (Southern Yakutia). 
LIDAR DEM hillshade image (above) and detailed topography of the outlined fragment (bellow). 
Presence of such feature crossing the route requires special design of the endangered pipeline 
section.
Fig. 3. Crossing of the trunk pipeline by the Chulmakan active fault
(Southern Yakutia). LIDAR DEM hillshade image (above) and de-
tailed topography of the outlined fragment (bellow). The presence
of such a feature crossing the route requires a special design of the
endangered pipeline section.
of recent (modern) tectonic activity”, often related to the
buried fault zones, especially in the platform areas (e.g.
Makarov et al., 2007; Voeikova et al., 2007). However, both
deﬁnition of the Geodynamically Active Zone, and the cri-
teria of their localisation are formulated too broadly. For
example, Makarov et al. (2007) deﬁne GAZ at the tectonic
platformsas: “spatiallylocalisedlinearorisometricparts(ar-
eas) of the earth crust of different scales where conditions
favourable to concentration and release of tectonic stress,
high gradients of movements and rock deformations exist or
may arise due to various reasons”.
We believe that from a practical point of view, the delin-
eation of potentially hazardous zones without a clear and dis-
tinct deﬁnition of an exact hazardous factor(s) is almost use-
less. Such a broad concept of the GAZ as of “something
hazardous” does not allow engineers to make a decision on
how to protect from this “hazard”, in order to avoid or min-
imise negative consequences. It is especially important for
such linear structures as trunk pipelines and other lifelines
that, due to any reasons, cannot bypass the suspicious zone
and have to cross it. If, for example, we assume any geody-
namically active zone (fault) as being excessively permeable
due to “high gradients of movements”, where the pipeline
could be affected by some corrosive ﬂuids, possible options
to protect the pipe from the corrosion could include: (1) use
of less corrodible pipe steel, (2) use pipes with thicker wall
and with thicker and more resistant pipe isolation, (3) cross-
ing of the zone at a right angle to make the affected pipeline
section shorter. If, however, the hazard would be related to
mechanical deformation due to surface faulting, then (1) pipe
steel should be more ductile, (2) trench should be trapezoid
in shape with special backﬁll material and (3) crossing angle
should not be right (dog-leg crossing) to avoid pipe longitu-
dinal compression (Honegger and Nyman, 2004; Mattiozzi
and Strom, 2008). One can see that these measures are not
only different (No. 1 and 2), but, moreover, they could be
quite contrary to each other (No. 3).
Following design engineers – end-users of the data, pro-
vided by seismotectonic studies, we assert that “no quantity
– no hazard”. This is true both for shaking-proof and for
rupture-resistant structure design and should be considered
as a mandatory requirement in active fault studies performed
as a part of pipeline route engineering investigations.
In contrast, the “Active Fault” concept implies the me-
chanical displacement of adjoining blocks of Earth’s crust di-
videdbythisfaultasahazardousfactorwithaclearlydeﬁned
width, kinematics and offset value or rate, thus providing
required quantitative characteristics of hazard. Those faults
crossing pipeline routes should be classiﬁed as active, which
single-event displacement (or cumulative displacement dur-
ing pipeline lifetime) can affect pipes mechanically in such a
way that it would require a special design of the pipeline sec-
tion to protect it from damage and spill. Possible displace-
ments should exceed typical thermally or hydrodynamically
induced movements of a pipeline anticipated by “standard”
design measures. Only those faults characterised by such pa-
rameters should be selected as the output of seismotectonic
investigations performed in the course of the trunk pipeline
routes engineering survey. A fault capable of mm-cm off-
set would not be identiﬁed therefore as an active=hazardous
one. It should be strictly pointed out, however, that for other
types of structures, like nuclear power plants, or factories
with precise machinery, the threshold value of this parameter
(offset value) would be different.
5 Conclusions
The design of seismically resistant pipelines requires quan-
titative assessment of all parameters determining pipe-
affecting forces, both in cases of seismic shaking and of di-
rect rupturing. Besides, the accuracy of these parameters as-
sessment should correspond to the design requirements and
to the physical nature of earthquake effects posing a threat
to the pipeline and its associated facilities. The assessment
of seismic strong motion hazard requires only rather low ac-
curacy of causative faults’ localisation (provided by indirect
evidence of fault activity). In contrast, the relevant accuracy
of localisation and characterisation of active faults, capable
of surface rupturing affecting the pipeline directly, can be
achieved solely by the use of direct evidence of fault activity.
It should be strictly deﬁned in Russian regulations (con-
struction codes and guidelines), which must be elaborated
with regard to world-wide best practice and most detailed
foreign construction codes. The necessity of such regulations
is evident, considering the intensive development of new oil
and natural gas ﬁelds in seismically active regions of Russia.
We assume that it should be of current importance for other
countries of the former Soviet Union as well.
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